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A SELECTIVELY-EXPRESSED EPITOPE ON THE HUMAN CD38 MOLECULE 
DETECTED BY A PHAGE DISPLAY LIBRARY-DERIVED HUMAN scFv ANTIBODY 

FRAGMENT 

TECHNICAL FIELD 

[0001] The invention relates to the field of medicine. The invention in particular relates 
to the diagnostic and/or medical use of antibodies. 

BACKGROUND 

[0002] Antibodies and binding molecules, in general, are widely used for the detection of 
biological substances. They are particularly popular for use in diagnostic methods. In addition, 
antibodies have enormous potential in human therapy. Because of their high binding specificity, 
antibodies are thought to be capable of binding to viruses and bacteria and their toxic products, 
facilitating their elimination. In other applications, antibodies were envisaged to specifically bind to 
tumor cells to promote their eradication or to bind to soluble molecules produced by cells of the 
immune system to neutralize their activity in harmful chronic inflammatory conditions and/or in 
autoimmune disease. Indeed, monoclonal antibodies have been described as magic bullets that could 
be used in the treatment of a wide variety of human diseases (1). 

[0003] Monoclonal antibodies (MAbs) directed against cell surface antigens have played 
a pivotal role in studies of the phenotypic changes associated with cellular activation and 
differentiation. Conventionally, MAbs are generated by immortalization oftheB lymphocytes of mice 
immunized with the antigen of interest and screening of hybridoma culture supernatant for the desired 
antibody specificities. More recently, the construction of large libraries of filamentous bacteriophage 
particles expressing antibody fragments and the development of various phage selection strategies has 
provided an alternative to hybridoma technology (2,3). In an approach recently developed by us, 
panning on eukaryotic cells in combination with a flow cytometry, may be employed to obtain phage 
antibodies specific against surface antigens (4). This phage selection strategy appears particularly 
useful when semi-synthetic phage antibody libraries, constructed in vitro from antibody variable gene 
segments and synthetic complementarity determining regions are used (5). 
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[0004] We and others have previously argued that, with such libraries, the diversity and 
specificity of antibodies that can be obtained by phage panning on antigens are independent of the 
regulatory mechanisms that govern natural immune responses. Rather, the size and quality of the 
library, in combination with the selection procedure of choice and factors related to recombinant 
protein expression and propagation of filamentous phages affect the diversity and specificity of the 
antibodies that can be obtained (4-7). 

BRIEF SUMMARY OF THE INVENTION 
[0005] The invention includes a binding molecule capable of selectively binding to a subset 
of CD38 proteins, especially those present on CD38 protein expressing cells. Such cells typically 
include plasma cell and derivatives thereof (e.g., an optionally, in vivo, activated hemopoietic cell, 
T-cell, or B-cell). 

[0006] The binding molecule or CD38 binding part thereof (e.g. , a CD3 8 binding part of 
a single chain antibody) may be selected from a phage display library. The binding molecule typically 
includes a human antibody and/or humanized Fab-fragment or a functional part, derivative and/or 
analogue thereof The invention also includes isolated and/or recombinant nucleic acid encoding a 
binding molecule of the present invention and cells expressing the binding molecule. 

[0007] The binding molecule of the invention may be used for selectively marking a subset 
of CD38 positive cells which eventually may be used, for example, to prepare a pharmaceutical 
composition in the treatment of disease. 

[0008] The invention also includes a method of treating an individual suffering from a 
tumor of the lymphoid lineage (e.g. 9 multiple myeloma), suffering from an autoimmune disease and/or 
suffering from an infection with a pathogen that depends at least in part on replication in activated 
T-cells and/or B-cells comprising using the binding molecule of the invention. 

[0009] The invention further includes a method for marking a CD3 8 expressing cell with 
a binding molecule comprising contacting a collection of CD3 8 positive cells with a binding molecule 
capable of selectively binding to a subset CD38 positive cells. 

[0010] The invention still further includes a method of selecting a binding molecule to a 
CD38 epitope. The method typically includes providing a selectively expressed CD38 epitope, and 
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selecting a binding molecule to the CD38 epitope by analyzing the binding of the selectively expressed 
CD38 epitope to a candidate molecule. 

BRIEF DESCRIPTION OF THE FIGURES 

[0011] FIG. 1 depicts the staining and cell sorting of cells expressing the UM16 epitope. 
Adult Bone marrow mononuclear cells from a healthy donor (panel A) or a patient with MM (panel 
B) was double-stained with CD38 and scFv UM16 antibodies and the UM16+ cells (black dots) were 
isolated by cell sorting and stained with May-Grunwald Giemsa (panel C and D) 

[0012] FIG. 2a depicts staining patterns of hematopoietic cells from fetal Bone marrow 
and tonsil with mOAb UM16. In panel A-D, G and H, UM16+ and UM16- cells are depicted as 
black and grey dots respectively. Panel A-C: fetal Bone marrow mononuclear cells double-stained 
with mOAb UM16 and CD15-FITC, CD19-FITC or CD38-FITC. Panel D-F: tonsil mononuclear 
cells. Panel D: double-staining with mOAb UM16 and CD19-FITC. Panel E and F, triple-staining 
with m<I>Ab UM16, CD38-tricolor and CD19-FITC. Panel E depicts the CD38/CD19 staining of 
the whole mononuclear cell fraction, whereas panel F depicts the position of the mOAb UM1 6+ cells 
within the CD38/CD19 plot. Panel G: double-staining of peripheral blood mononuclear cells (PBone 
marrowC) with mOAb UM16 and CD38-FITC. 

[0013] FIG. 2b 

Panel A Staining of tonsil mononuclear cells with CD3 and m<J>Ab UM16. 

Panels B and C: tonsil mononuclear cells in triple-staining with mOAb UM16-PE, CD38- 
tricolor and CD3-FITC. Panel B depicts the position of the m<DAb UM16+ cells within the 
CD38/CD3 plot. Panel C depicts the CD38/CD3 staining of tonsil cells whereas the histogram 
compares the expression of UM1 6 (grey histogram) and CD3 8 (thick solid line) within the gate drawn 
in panel C. 

[0014] FIG. 3 depicts expression of the UM16 epitope during peripheral B cell 
differentiation. Panel A-B: triple-staining of T cell-depleted tonsil mononuclear cells with mOAb 
UM16, CD38-tricolor and anti-IgD-FITC. Panel A depicts the CD38/IgD staining whereas panel B 
depicts the position of UM16+ cells within the CD38/IgD plot. Panel C-E: double-staining of tonsil 
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mononuclear cells with m«DAb UM16 and FITC-labeled CD44, CD10 and CD77 monoclonal 
antibodies. 

[0015] FIG. 4 depicts expression of the UM16 epitope during fetal Bone marrow B cell 
differentiation. Panel A: double-staining fetal Bone marrow mononuclear cells with mOAb UM16 
and CD10-FITC. Panel B-C: triple staining with mOAb UM16, CD34 and CD38. Panel B depicts 
the CD38/CD34 staining of all mononuclear cells, whereas panel C depicts the position of UM16+ 
cells within the CD38/CD34 plot. Panel D-E: triple staining with mOAb UM16, anti-IgM and 
CD38. Panel D depicts the CD38/IgM staining whereas panel E depicts the position of UM16+ cells 
within the CD38/IgM plot. 

[0016] FIG. 5 depicts staining of COS cells transfected with human CD38 cDNA with 
scFv UM16 and the tri-color labeled anti-CD3 8 monoclonal antibody. Grey histogram: staining with 
control scFv. Thick line: scFv UM16 or CD38 staining. 

[0017] FIG. 6 depicts staining of untreated (grey histogram) and retinoic acid-treated 
(transparent histogram) HL60 cells with a control scFv specific for thyroglobulin (panel A), scFv 
UM16 (panel B) and the tricolor-labeled murine anti-CD38 monoclonal antibody (panel C) 

[0018] FIG. 7 depicts staining ofRPMI-8226, Daudi, Fravel and U266 cell lines with scFv 
UM16 (grey histogram) and a murine monoclonal anti-CD38 antibody (thick line). 

[0019] FIG. 8 depicts the mapping of the UM1 6 epitope. Murine monoclonal anti-CD3 8 
antibody OKT10 inhibits the binding of FITC-labeled scFv UM16 to Daudi cells at concentration of 
20 ug/ml (panel A), and at 200 ng (panel B) but do effect at concentration of 2 ng/ml (panel C). No 
binding inhibition of FITC-labeled scFvUMl 6 to Daudi cells was observed with the monoclonal anti- 
CD38 antibody at TB4. Note an increase of binding of scFv UM16-FITC after incubation with the 
IB4 antibody at concentrations of 20 and 0.2 ug/ml but not 20 ng/ml (panel D and E ). 

[0020] Grey histogram: staining with the anti-thyroglobulin negative control scFv. Thick 
solid line: staining with scFv UM16-FITC. Thin solid line: staining with scFv UM16-FITC after 
binding of anti-CD38 (OKT10 or IB4) monoclonal antibodies. 

[0021] FIG. 9 depicts expression of CD3 8 and UM1 6 on adult bone marrow mononuclear 
cells stimulated with PMA and calcium ionophore. Histograms A and B represent staining with scFv 
UM1 6, whereas C and D depict staining with tricolor-labeled CD38. In panel A and C, CD3+ T cells 
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are gated and in panel B and D CD 19+ B cells are gated. Grey histograms: unstimulated cells. 
Thick solid line: PMA and Calcium ionophore stimulated cells. 

[0022] FIG. 10 is an immunoprecipitation and western blot analysis. Lysates of Daudi 
(lane 1 and 4), RPMI-8226 (lanes 2 and 5) and U266 (lane 3 and 6) cells were precipitated with beads 
coupled to scFv UM16 (lanes 1, 2, 3) or a control scFv specific for thyroglobulin (lanes 4, 5, 6). 
Precipitates were run on SDS-PAGE gel, blotted and the nitrocellulose filters were developed with 
the anti-CD38 MAbs OKT10 or IB4. Recombinant CD38 protein (lane 7) was loaded on the gel as 
a positive control. 

[0023] Abbreviations: mOAb, monoclonal phage antibody; scFv, single chain Fv; MM, 
multiple myeloma; Bone marrow, bone marrow; MAb, monoclonal antibody; PE, FITC, PMA. 

BEST MODE OF THE INVENTION 

[0024] In the present invention, we have used a synthetic library of human scFv antibody 
fragments expressed on phage particles, in combination with cell sorting to select scFv antibodies that 
bind to the malignant plasma cells derived from the bone marrow of patients with multiple myeloma. 
Multiple myeloma is one example of debilitating plasma cell disorders for which as yet no satisfactory 
cure is available. It has been suggested to develop an antibody-based immunotherapy for such 
diseases. Candidate antigens that have been targeted or proposed for targeting include CD 1 9, CD3 8, 
CD54, CD126, HM1 .24 and Muc-1 core protein. Unfortunately, many of these antigens are not ideal 
for use in such immunotherapy since they are selectively expressed, and either shed or secreted, or 
have not been fully characterized. 

[0025] In the present invention, a stroma cell-dependent plasma cell line, established from 
the bone marrow of a MM patient was used as a target for phage selections. One of the monoclonal 
phage antibodies (mcpAbs), named UM1 6, was further characterized and shown to bind to an epitope 
on the CD38 molecule, a type II integral membrane protein with a broad tissue and cellular 
distribution pattern. The human CD38 molecule, a 46 kD glycoprotein, is expressed on a broad 
variety of cell lineages (reviewed in 8). In the hematopoietic system, CD38 is expressed by plasma 
cells, monocytes, myeloid cells, T and B lymphocytes, NK cells, follicular dendritic cells and platelets 
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(reviewed in 9-11). Strikingly, the UM-16 epitope was exclusively expressed on malignant and 
normal plasma cells and on discrete populations of in vivo activated B-and T lymphoid cells. Further 
analysis suggested that the UM16 epitope is an epitope expressed only upon activation of lymphoid 
cells but not of CD384- cells of other lineages. 

[0026] The epitope recognized by scFv UM16 lacks the broad cellular and tissue 
distribution of other reported CD38 epitopes. ScFv UM16 is expressed, among others, on normal 
and malignant plasma cells and defines an activation epitope on B and T lymphoid cells. 

[0027] The present invention demonstrates that the CD38 protein comprises selectively 
expressed epitopes that can function as targets for binding moieties, novel methods are provided for 
the use of antibodies directed against the CDS 8 protein in a diagnostic and therapeutic setting. 

[0028] The invention therefore provides a binding molecule capable of selectively binding 
to a subset of CD3 8 proteins. It is clear that a person skilled in the art will now be able to find other 
binding molecules capable of selectively binding to a subset of CD3 8 proteins. Furthermore, nowthat 
the present invention revealed the favorable features and uses of a selectively expressed CD38 
epitope, a person skilled in the art will have the incentive to determine such selectively expressed 
CDS 8 epitopes. 

[0029] In the present invention, it has been found that such a binding molecule can be 
used to selectively mark a subset of CD38 expressing cells. A binding molecule with such properties 
can favorably be used for selecting a subset of CD3 8 protein expressing cells. The binding molecule 
can be used for diagnostic purposes to determine, type and or quantify in a sample, the number of 
cells displaying the selectively expressed CDS 8 epitope. In a therapeutic setting, this property can 
be used, for instance, to selectively mark the subset of cells with the binding molecule without 
essentially marking other cells. 

[0030] Preferably, the binding molecule is capable of binding to a part of the CD38 
protein that is present on the outwardly directed side of the cell membrane of the subset of cells. This 
enables the easy detection of the subset of cells when the cells are essentially intact. 

[0031] A selectively expressed CDS 8 epitope may be entirely absent on a group of CD3 8 
positive cells not capable of being recognized by the binding molecule. However, this in not essential 
The selectively expressed epitope, however, should not be available for binding to the binding moiety 
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on such a group of cells. Availability of the epitope for binding of the binding molecule can be absent 
on such a group of cells for a number of different reasons. For example, the epitope can be absent 
from CD38 expressed by the group of cells. However, availability can also be lacking, due to a 
strongly reduced access of the CD38 binding molecule to the epitope. Reduced access can, for 
instance, be due to the binding of one or more other molecules at or near the epitope. Reduced 
access can also be the result of a particular spatial organization of the epitope. For instance, the 
epitope may be present in a fold of the CD38 protein that is not accessible for the binding molecule, 
or may alternatively be present on a compartment that is not accessible for the binding molecule, such 
as on the other side of a plasma cell membrane. 

[0032] In a preferred embodiment of the invention, the subset of cells comprises a plasma 
cell and/or a derivative thereof Plasma cells are B-cells actively producing large amounts of 
antibody. 

[0033] During early humanB cell differentiation in fetal bone marrow, UM16-expression 
correlated with the activation status of the developing B cells (12). The UM16 epitope was 
detectable on the earliest identifiable pro-B cells and continued to be present during all stages of 
human fetal B cell differentiation, up to the mature sIgM+ B cells. In the peripheral blood 
compartment, dominated by resting B cells, no UM16+ B cells could be detected. In fact, noUM16+ 
cells could be detected in blood mononuclear cells, including populations of CDS 8+ monocytes and 
NK cells. 

[0034] In human tonsils, scFv UM 16- stained activated B-lineage cells with a germinal 
center founder, germinal center and plasma blast phenotype, whereas non-activated, virgin and 
memory B cells were uniformly UM1 6 negative. A sub-population of UM1 6+ T cells expressing high 
levels of CD38 could only be detected in some tonsils. In other lymphoid organs UM16+ T cells 
were not detectable. 

[0035] Data demonstrated that the lymphoid restricted expression pattern ofUMl 6 could 
not be simply attributed to a lower affinity of the scFv UM16 compared to conventional murine 
monoclonal antibodies. In a panel of cell lines expressing comparably high levels of CD3 8, some cell 
lines completely lacked scFv UM16 reactivity whereas others clearly exposed the UM16 epitope. 
Similarly, in blood, CDS 8+ mononuclear cells were detectable yet lacked the UM1 6 epitope. Among 
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in vivo activated tonsillar T cells that uniformly expressed high levels of CD38, a subpopulation 
expressed UM16+. Thus, in a preferred embodiment, the subset of cells comprises an activated 
hemopoietic cell. Preferably, activation of the hemopoietic cell occurs in vivo, 

[0036] Activation of T-cells and/or B-cells is correlated with the expression of a selective 
CDS 8 phenotype on the surface of at least a subset of the activated T-cells and/or B-cells. Activation 
of T-cells and/or B-cells is correlated with activation and/or activity of an immune response. The 
ability to target such cells with a binding molecule in a body allows one to selectively kill this subset 
of T and or B cells without essentially killing resting B and T cells in a body. 

[0037] A binding molecule of the invention can be any kind of molecule capable of 
selectively binding to a subset of CD38 proteins. Preferably, the molecule comprises a protein. In 
one embodiment the binding molecule of the invention is selected from phage antibody display 
libraries. Phage antibody display libraries are large collections of antibody fragments expressed on 
bacteriophage particles. Phage antibody display libraries are constructed in vitro and mimmick key 
features of the humoral immune response (3,13). For the construction of phage display libraries, 
collections of human antibody heavy and light chain variable region genes are expressed on the 
surface of bacteriophage particles, either in single chain Fv (scFv) or in Fab format. Large libraries 
of antibody fragment-expressing phages typically contain > 10 9 antibody specificities and may be 
assembled from the immunoglobulin V regions expressed in the B lymphocytes of immunized or non- 
immunized individuals. Alternatively, phage display libraries may be constructed from 
immunoglobulin variable regions that have been partially assembled in vitro to introduce additional 
antibody diversity in the library ('semi-synthetic 3 libraries). For example, in vitro assembled variable 
regions contain stretches of synthetically-produced, randomized or partially-randomized DNA in 
those regions of the molecules that are important for antibody specificity (5, 14). Thus, specificities 
not present in natural repertoires may be added to phage display libraries of antibody fragments. 

[0038] Recombinant phages expressing antibody fragments of desirable specificities may 
be selected from a library by one of several methods. Target antigens are immobilized on a solid 
phase and subsequently exposed to a phage library to allow binding of phages expressing antibody 
fragments specific for the solid phase-bound antigen. Non-bound phages are removed by washing 
and bound phages eluted from the solid phase for infection of Escherichia Coli bacteria and 
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subsequent propagation. Multiple rounds of selection and propagation are usually required to 
sufficiently enrich for phages binding specifically to the target antigen. Phages may also be selected 
for binding to complex antigens such as complex mixtures of proteins or whole cells. Selection of 
antibodies on whole cells advantageously permits presentation of target antigens in their native 
configuration, unperturbed by conformational changes that are introduced by immobilizing an antigen 
to a solid phase. 

[0039] The constraints imposed by the natural immune response and the influence of the 
immunogenicity of the target antigen do not permit the isolation of monoclonal antibodies against any 
antigen by conventional hybridoma technology. In phage approaches, these factors do not play a role, 
allowing the isolation of monoclonal antibodies against "difficult" antigens such as autoantigens, 
carbohydrates and toxic antigens. Considering that CD38 proteins from different species often 
comprise substantial homology, it is preferred to select the binding molecule of the invention from 
an in vitro selection system for binding molecules. Preferably, the binding molecule comprises a 
CD38 binding part of a single chain antibody. A binding part of a single chain antibody or a Fab 
fragment typically comprises at least part of the immunoglobulin V regions. 

[0040] Numerous clinical studies with monoclonal antibodies of non-human (usually 
murine) origin performed poorly as a result of their immunogenicity. Upon injection of murine 
antibodies in humans, the human immune system recognizes the murine antibodies as foreign proteins, 
resulting in the induction of an immune response against the murine protein (15,16). In addition, 
murine antibodies have poor pharmacokinetic properties in humans (17,18) and are inefficient in 
recruiting effector functions of cells of the immune system (19,20). These issues have spurred the 
development of alternative strategies to obtain more human antibodies for therapy (reviewed in 21). 

[0041] In one embodiment for creating more human antibodies, the immunoglobulin 
variable regions encoding murine antibodies are genetically used to human immunoglobulin constant 
regions. The resulting chimeric antibody contains greater than 30% murine amino acid sequences. 
Clinical application in humans of chimeric monoclonal antibodies, has shown that these proteins retain 
their immunogenicity in the majority of cases (22,23). In another embodiment, only immunoglobulin 
variable region sequences relevant for antibody specificity are of murine origin are used. The constant 
regions of the immunoglobulin molecule, as well as the framework regions of the variable region, are 
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of human origin. Clinical application of these "humanized" monoclonal antibodies indicates that these 
molecules are generally more effective and have no or little intrinsic toxicity or immunogenicity 
(17,24). The binding molecule of the invention therefore preferably comprises a humanized antibody 
and/or humanized Fab-fragment, or a functional part, derivative and/or analogue thereof. A 
functional part, derivative and/or analogue of a humanized antibody and/or humanized Fab-fragment 
of the invention exhibits the same CDS 8 binding activity in quality, but not necessarily in quantity. 
They further exhibit an essentially similar low immune-response inducing capacity and/or similar 
favorable pharmacokinetics in a human body. 

[0042] Reconstructing the original affinity and specificity in a humanized version of a 
murine antibody is a time-consuming process that may render the antibody less human (25). These 
considerations with chimeric and humanized monoclonal antibodies and the recent clinical success 
of engineered monoclonal antibodies spurred the development of efficient methods for the isolation 
and production of fully human monoclonal antibodies, the most desirable antibody format for clinical 
application. 

[0043] One method of obtaining human monoclonal antibodies employs transgenic mice 
harboring human immunoglobulin loci in combination with conventional hybridoma technology (26- 
28). In these mice, large portions of human immunoglobulin heavy and light chain loci have been 
inserted in the mouse germ line while the endogenous murine immunoglobulin loci have been silenced 
by gene knockout. Immunization of these transgenic mice with an antigen results in the production 
of human antibodies specific for the antigen. Human monoclonal antibody-producing cell lines can 
be obtained from these mice by fusing the spleen cells of immunized mice with plasma cell lines in 
vitro to obtain immortalized monoclonal antibody-secreting hybridomas. Importantly, production of 
human antibodies in transgenic mice depends on immunization procedures and is governed by 
constraints of the murine immune response. As a consequence, it is difficult, if not impossible, to 
obtain antibodies against the mouse 5 s own antigens ("autoantigens"), to xenoantigens that have a high 
degree of homology to murine autoantigens or to antigens that have poor immunogenic properties, 
such as polysaccharides. These notions have spurred the development of molecular approaches that 
obviate the need for immunization and cell immortalization to obtain human monoclonal antibodies 
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with desired specificities. These strategies are based on "immortalization" of the immunoglobulin 
genes encoding the antibodies rather than the cell lines producing them. 

[0044] For production of intact human monoclonal antibodies, scFv with desirable 
specificities can be inserted into mammalian expression vectors containing the genes encoding human 
immunoglobulin constant regions. We have recently developed a series of constructs that permit the 
rapid conversion of phage display library-derived scFv antibody fragments to fully human monoclonal 
antibodies of each immunoglobulin isotype and subclass (29,30). Transfected cell lines harboring 
these constructs produce human monoclonal antibodies in vitro that are correctly assembled and 
glycosylated 29,30). In a particularly preferred embodiment of the invention, the binding molecule 
comprises a fully human antibody. 

[0045] In another aspect, the invention provides the use of a binding molecule of the 
invention for selectively marking a subset of CD38 positive cells. In another aspect the invention 
provides a method for marking a CD38-expressing cell with a binding molecule by contacting a 
collection of CD38 positive cells with a binding molecule capable of selectively binding to a subset 
of CD38 positive cells. Cells of the subset can be marked for diagnostic purposes. In such a case, 
the binding molecule preferably comprises a tag and/or a label through which the binding molecule 
can be directly or indirectly detected. 

[0046] Marking can also serve to provide a signal for other proteins or cells to act upon 
marked cells, for instance for the binding of complement factors in the blood or the binding of 
(cytotoxic) T-cells. The marking may also serve to bring other essentially non-CD38 selective 
molecules in the vicinity and/or into the interior of the selected subset of CD38 positive cells. This 
property is useful in targeting approaches to carry material near and/or into the selected subset of 
cells. The material can vary from a toxic substance such as a radiolabel (for instance for killing cells 
of the selected subset) or a gene delivery vehicle (for the expression of a foreign gene in cells of the 
selected subset). Many forms of gene delivery have been described in the art and, depending on the 
gene delivered, different effects can be established. A suicide gene can be introduced to facilitate the 
killing of cells belonging to the subset, alternatively, genes capable of expressing immune stimulatory 
and/or inhibitory proteins can be introduced to modulate the immune activity of, for instance, marked 
T cells belonging to the subset of cells. It is clear to the person skilled in the art that combinations 
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of marking uses can also be made. The marking can also be combined with the marking of cells 
through binding molecules with other specificities, to either broaden or further limiting the range of 
cells marked. 

[0047] In another aspect, the invention provides the use of a binding molecule of the 
invention for the preparation of a medicament. Administration of a binding molecule of the invention 
to an individual leads to the selective binding of the binding molecule to the selected subset of CD3 8 
positive cells in the individual. Depending on the further properties of the binding molecule and/or 
associated material, the cell will perform a certain function or functions. 

[0048] In a preferred embodiment, the medicament is used for the treatment of an 
individual suffering from a tumor of the lymphoid lineage, suffering from an autoimmune disease 
and/or suffering from an infection with a pathogen that depends, at least in part, on replication in 
activated T-cells and/or B-cells. Preferably, the binding molecule comprises a humanized or fully 
human antibody or a part, derivative and/or analogue thereof Administration of the medicament to 
the individual will lead to activation of complement and/or the initiation of an immune response 
against the marked cells, resulting in cell death in at least part of the selected subset of cells. The 
selective cell death of the subset of CD38 positive cells leads at least to an improved clinical 
appearance of the individual suffering from the disease. In a preferred embodiment, the tumor of the 
lymphoid lineage comprises multiple myeloma. 

[0049] In yet another aspect, the invention provides an isolated and/or recombinant 
nucleic acid encoding a binding molecule of the invention. Such a nucleic acid is useful for providing 
a cell with the capacity to express a binding molecule of the invention. This property can be used to 
produce the binding molecule in preferably large quantities. The invention therefore also provides 
a cell expressing a CD38 binding molecule according to the invention. 

[0050] With the knowledge of a selectively expressed CD3 8 epitope and the uses of such 
epitopes, it is entirely possible to find additional binding molecules capable of binding to the 
selectively expressed CD38 epitope. For instance, a cell expressing the selectively expressed CD38 
epitope may be used to select antibodies capable of binding to the cell In the art, many methods exist 
to find such antibodies. With the methods of the invention, it is possible to determine whether an 
identified antibody comprises a binding specificity for the selectively expressed epitope. Moreover, 
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many methods exist in the art to eliminate antibodies not binding to the for instance CD38 or the 
selectively expressed epitope of CD38. For instance, one may pre-incubated an antibody with a 
CD38 expressing cell not expressing the selectively expressed CD38 epitope. The invention, 
therefore, further provides the use of a selectively expressed CD38 epitope for selecting a binding 
molecule to the epitope. Preferably, the selectively expressed epitope is present on a cell. 

[0051] Anti-CD38 monoclonal antibodies may be divided into two broad subgroups, 
represented by the OKT10 and IB4 antibodies, that bind to non-overlapping epitopes (31). In 
antibody binding inhibition assays, binding of scFv UM16 to CD38 was almost completely blocked 
by the OKT10 and not by the IB4 monoclonal antibody. The epitope of the OKT10 antibody has 
been mapped to residues 280-298 at the carboxyl terminus of the 300 residue CD38 molecule, 
whereas the IB4 antibody has been mapped to residues 220-241 (32). These results suggest that at 
least part of the epitope of UM16 is located at the carboxyl terminus of CD38. 

[0052] In immunoprecipitation and western blot analysis, the CD38 molecule could be 
precipitated from lysates of CD38+ cell lines, including CD38+ cell lines that did not expose the 
UM16 epitope as determined by membrane immunofluorescent staining. This observation suggests 
that on the plasma membrane of these cell lines, the UM16 epitope is shielded from interaction with 
scFv UM1 6 and that solubilization of the membranes during immunoprecipitation results in exposure 
of the UM16 epitope. The basis for shielding of the UM16 epitope is unclear. Since it has been 
shown that the CD38 molecule may be present on the membrane in different aggregation forms 
depending on cell lineage and or activation state, it may be envisaged that the exposure of UM16 is 
related to the degree of multimerization of CD38 (33-36). Alternatively, the UM16 epitope may be 
shielded as a result of lateral interactions of CD38 with other membrane molecules such as the B or 
T cell receptor, CD73 or PC-1 (37,38). 

[0053] In sequential immunoprecipitation and western blot analysis of lysate of plasma 
cell line RPM1-8226, a second band of 30 kD molecular weight was detected with the IB4 antibody. 
This band was not observed in lysates of the Daudi or U266 cell lines. Alternative forms of CD38 
at the mRNA and protein level have been reported (3 9-41). RNA encoding a splice variant of CD3 8 
with a predicted molecular weight of 13,500 kD is present in almost all tissues and cell lines. A 39 
kD soluble form of CD38 is present in biological fluids and supernatant of tumor cell lines (42,43). 
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Furthermore, post-translational cross-linking has been shown to result in the expression of a 1 90 kD 
tetrameric CD38 complex on retinoic acid-treated HL-60 cells (33). The 30 kD form described here, 
detected with the IB 4 but not with the OKT10 antibody, is compatible with a truncated CD38 
molecule that lacks the carboxy terminus. 

[0054] A number of monoclonal antibodies have been described which selectively 
recognize epitopes on activated or liganded integrins. Activation epitopes may arise as a result of 
ligand occupancy, interchain contactors between clustered integrins or other indirect mechanisms 
such as avidity shift upon activation (44-46). An example of the latter may be the epitope recognized 
by the NKI-L 1 6 monoclonal antibody that recognizes an epitope on the LFA- 1 integrin that is absent 
from resting lymphocytes and monocytes, but becomes exposed upon in vitro stimulation (47, 48). 
TheNKI-L16 epitope is induced in the absence of upregulation of other LFA- 1 epitopes, presumably 
as a result of a conformational change in LFA- 1 . In contrast, UM16 epitope detection coincided with 
upregulation of CD38 expression. The sheep red blood cell receptor-related Tl 1 3 epitope described 
by Meuer et al is expressed on activated but not resting T lymphocytes (49). Notably, an antibody 
against the non-overlapping Tl 1 2 epitope rapidly induced expression of the Tl 1 3 epitope within 30 
minutes at 4 °C. Similarly, incubation of CD38++ Daudi cells with murine antibody IB4 which 
recognizes a non-overlapping CD38 epitope, inducing upregulation of the UM16 epitope within 20 
minutes at 4 °C was noted. Thus, perturbation of the CD38 molecule by binding of monoclonal 
antibody appears to cause a conformational change or alteration in aggregation status of CD38, 
resulting in exposure of the UM16 epitope. 

[0055] The functional consequence ofUM 1 6 expression by activated lymphocytes remains 
to be established, CD38 is a bi-fiinctional ecto enzyme whose extracellular domain bears catalytic 
properties and is also involved in cell-cell interactions (11). CD38 has been implicated in 
proliferation, lymphopoiesis, apoptosis, adhesion and cytokine production (9, 50-55). CD31, a 
molecule expressed by a large number of cell types including monocytes and endothelial cells, has 
been shown to be a ligand for CD38 (37,56). Because in vivo, the UM16 epitope is expressed by a 
subpopulation of activated lymphocytes in primary and secondary lymphoid organs, we favor the 
possibility that the UM16 epitope is involved in cell-cell or cell-substrate interactions in those micro- 
environments. This notion is further supported by the observation that the UM16 epitope can be 
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induced on Bone marrow-derived mononuclear cells, but not on blood B and T cells with mitogens. 
Apparently, the Bone marrow mononuclear cell fraction contains cells that by direct cell-cell contact 
or production of soluble molecules involved in the induction of this activation epitope. In that 
respect, it is noteworthy that within the family of integrin adhesion molecules, conformational changes 
and concomitant expression of neo-epitopes leads to enhanced target binding (57). Similarly, 
expression of the UM16 epitope may be related to increased adhesive properties of CD38. 

[0056] The recombinant scFv antibody UM16 appears to bind to activatedB lineage cells, 
irrespective of their differentiation stage. This characteristic, in combination with the limited cellular 
distribution of the UM16 epitope, may render this human antibody fragment or derivatives thereof 
a suitable molecule to target tumors of the B lymphocyte lineage, including multiple myeloma. In 
addition, it is anticipated that UM16 may be used to target activated lymphocytes in autoimmune 
diseases such as rheumatoid arthritis and systemic lupus erytematosus. 

[0057] The invention is further explained by the use of the following illustrative examples. 

EXAMPLES 

Materials and Methods 

Patient materials 

[0058] The human myeloma cell lines UM-2 was established from the pericardial effusion 
of a patient with end-stage myeloma. Continued proliferation of myeloma tumor cells was observed 
during culture with autologous bone marrow-derived stroma cells. UM-2 phenotypical resembles a 
plasma cell line as determined by light microscopic evaluation of cytocentrifuge preparations stained 
with May-Grunwald-Giemsa and cell surface marker profile (described in detail in reference 58). 
Prior to use for phage selections, UM-2 cells were removed from the stroma layer by mechanical 
agitation. 

Tissue samples 

[0059] Peripheral blood leukocytes were isolated from the blood of healthy volunteers by 
ficoll-hypaque density centrifugation or by lysis of erythrocytes by hypotonic NH 4 C1 solution as 
described (4). Tonsils were obtained from children undergoing routine tonsillectomy, minced, 
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squeezed through a nylon mesh filter and isolated by ficoll-hypaque density centrifugation. Fetal 
bones were collected from aborted human fetuses (14-20 weeks of gestation) and used according to 
the guidelines of the Utrecht University Hospital institutional review board on the use of human 
materials for scientific research. Bone marrow cells were obtained by flushing medullary cavities of 
the femurs with RPMI 1640 medium and ficoll density centrifugation. Adult bone marrow aspirates 
were obtained with informed consent from healthy individuals undergoing allogeneic Bone marrow 
transplantation or coronary bypass surgery or from MM patients in stage III according to the criteria 
of Salmon and Durie (59). Details of the cell separation procedures have been described elsewhere 
(4)- 

Cell lines 

[0060] The following human cell lines were used in this study: the pro B cell lines TOM- 1 
(60) and BV173 (6 1), the pre B cell lines Reh (ATCC CRL-8286) and Nairn 6 (62), the mature B cell 
lines Bjab (kind gift from Dr. G. Moldenhauer) and Daudi (ATCC CCL-213), the T cell lines CEM 
(CCL-1 19), Jurkat (ATCC TIB-152) and H9 (HTB-176), the myeloid cell lines HL-60 (ATCC CCL- 
240) and U937 (ATCC CRL-1593), the plasmacytoid cell lines U266 (ATCC TIB 196), ARH-77 
(CRL-1621), IM9 (CCL-159), Fravel (63), RPMI 8226 (ATCC CCL-155), HS-Sultan(ATCC CRL 
1484), OPM-1 and OPM-2 (64), XG-1 (65), UM-1, UM-2, UM-3 and UM-6 were established at 
our own institute. All cell lines were grown in RPMI 1640 medium supplemented with 5 % fetal calf 
serum and antibiotics at 37 °C in a humidified atmosphere with 5 % C0 2 . 

Selection and propagation of phages 

[0061] Approximately 10 13 recombinant antibody-bearing phage particles of a library of 
4. 10 9 specifities cloned in vector pPvt were blocked for 15 min in 1 ml of PBS/4% milk powder. 6 
x 10 6 UM-2 cells were added to the blocked phages and the mixture was slowly rotated for 6 hours 
at 4 °C. Subsequently, non-bound phages were removed by washing the cells twice in 50 ml of ice- 
cold PBS/1% BSA The pelleted cells were suspended in 100 \il of diluted phycoerytrin (PE)- 
conjugated CD38 antibody (Becton Dickinson, San Jose, CA). After 20 min of incubation on ice, 
cells were washed once with PBS/1%BSA and re-suspended in 800 yd of ice-cold PBS/1% BSA. A 
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total of 5x1 0 4 cells UM-2 cells expressing high level of the CD38 molecule were sorted on a FACStar 
plus equipped with a neon laser (Becton Dickinson). Phages were eluted from the sorted cells by the 
addition of 150 jil of 76 mM citric acid (pH 2.5) in PBS followed by incubation for 5 min at room 
temperature. The mixture was immediately neutralized with 200 ml of 1M Tris-HCl pH 7.4. Eluted 
phages were used to infect E. coli XL 1 -Blue and the bacteria were plated on TYE medium 
containing the appropriate antibiotics and glucose. Bacterial colonies were counted, scraped from 
the plates, and used as inoculum for the next round of phage selection. 

Preparation of myAbs and immunofluorescence analysis 

[0062] MipAbs were prepared from individual colonies grown in 200 ml of 2TY medium, 
purified by polyethylene glycol precipitation, re-suspended in 500 |id of PBS/1% BSA/0.1%NaN 3 , 
filtered (0.45 mm), and stored at 4 °C (5). For immunofluorescence analysis, 15 ml of mOAb was 
blocked by adding 50 ml of PBS/4% milk powder for 15 min at room temperature. Cells (5xl0 5 ) 
obtained from different tissues were resuspended in 20 ml of PBS/1%BSA, added to the pre-blocked 
phages and incubated on ice for 45 min. The cells were washed twice in ice-cold PBS/1%BSA, 
followed by incubation in 10 ml of a diluted (1:400) sheep anti Ml 3 polyclonal antibody (Pharmacia, 
Uppsala, Sweden) for 30 min, washed once, and incubated in 10 ml of PE-labeled donkey anti-sheep 
polyclonal antibody solution (diluted 1 : 500) for 30 min. All incubations were carried out on ice. The 
cells were washed once and analyzed on a FACScan (Becton Dickinson, San Jose, CA). In double 
and triple staining experiments, mOAb-iabeled cells were incubated with 10 ml of tricolor-labeled 
CD38 monoclonal antibody (Monosan, Uden, NL) and either with FITC-labeled CD3, CD4, CD8, 
CD19, CD10, CD14, CD15, CD34, CD43 or CD44 monoclonal antibodies (all from Becton 
Dickinson) or with FITC-labeled CD77 or unconjugated CMRF-17 monoclonal antibodies (a kind 
gift of Drs J. Wiels and D.N.J. Hart respectively). In combinations with CMRF-17, a FITC-labeled 
goat anti-rat polyclonal antibody was used (Becton Dickinson). After a single final wash, the cells 
were resuspended in 0.5 ml of PBS/1%BSA and analyzed by flow cytometry using a FACScan. 

The intensity of CD3 8 staining was arbitrarily classified as CD3 8+ (log fluorescence intensity 
between 1 and 2), CD38++ (log fluorescence intensity between 2 and 3) or CD38+++ (log 
fluorescence intensity higher than 3) 
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Production of scFv antibodies 

ScFv antibody fragments were produced in the E. coli non-suppressor strain SF110, as 
described (5). The SF110 strain is deficient in the DegP and OmpT proteases resulting in the 
production of stable scFv fragments (66). 

The DNA fragment encoding scFv UM16 was subcloned in the Notl/Ncol digested vector 
1M3-HIS that adds 6 histidine residues (HIS-tag) to the carboxyl terminus of the scFv fragment. 
These constructs were introduced into E. coli strain SF 1 1 0 and HIS-tagged scFvs were produced and 
purified over a nickel-charged column (Ni-NTA agarose, Qiagen) as described (67). 

COS-7 transfection and immunohistochemical staining 

COS-7 cells were transfected with 2 mg of CDM8 vector containing the cDNA encoding the 
CD38 molecule using the DEAE-dextran/sulphate method. After 2 days of culture, cells were 
detached, washed with PBS, and incubated with scFv UM16 and either with control scFv or with 
FITC-labeled anti-CD38 (Immunotech), for 30 min on ice. The cells were washed twice with 
PBS/1%BSA and incubated with supernatant of a hybridoma cell line secreting the anti-myc peptide 
monoclonal antibody 9E10 (ATCC CRL 1729) for 30 min, followed by washing with PBS/1%BSA 
and incubation with FITC-labeled goat anti-mouse Ig antibody (Becton Dickinson). After a final 
wash cells were analyzed by FACScan. 

Immunoprecipitation and electrophoretic analysis 

10 mg of purified scFv UM16-HIS were bound to Chelating Sepharose beads fast Flow 
(Pharmacia Biotech) following a modification of a previously described procedure (68). 2xl0 7 cells 
were washed twice withice-cold PBS and lysed in lysis buffer (PBS containing 3% CHAPS and ImM 
PMSF) at 4 °C for 30 min. The nuclei were removed by centrifugation (10 min 13000 rpm) and the 
lysates were precleared with chelating sepharose beads coated with a control HIS-tagged scFv 
antibody specific for thyroglobulin. The lysates were incubated with scFv UM16-HIS or a control 
His-tagged scFv and rotated for 3 hours at 4 °C. The Sepharose beads were collected by brief 
centrifugation and washed 6 times with ice-cold lysis buffer diluted 1:1 in HEPES buffer. 
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Immunoprecipitated samples were dissolved in sample buffer and loaded in duplicate onto 1 0% SDS- 
PAGE gels, run and electro-transferred to nitrocellulose. Nitrocellulose membranes were incubated 
with IB4 or OKT10 anti-CD38 monoclonal antibodies followed by peroxidase-conjugated rabbit 
anti-mouse polyclonal Ig. Reactive bands were visualized by chemiluminescence (Boehringer 
Mannheim, Mannheim, Germany) and exposure to X-ray films. 

Antibody binding inhibition experiments 

For binding inhibition experiments, scFv UM16 was labeled with FITC using standard 
procedures. 1 0 5 Daudi cells were preincubated on ice with different concentrations of unconjugated 
anti-CD38 MAbs (IB4, IB6, SUN4B7, and OKT10) and subsequently incubated with FITC-labeled 
scFvUM16. Samples were washed with PBS/1% BS A/0. 1% NaN3 and analyzed using a FACScan. 

In vitro culture 

Ficoll-separated peripheral blood and adult Bone marrow mononuclear cells were seeded at 
a concentration of 2x1 0 6 cells/ml in 48 wells microtiter plates and stimulated with phytohemagglutinin 
(PHA 5 ng/ml), phorbol myristic acid (PMA 3 ng/ml) or a combination of PMA and calcium 
ionophore (500 nM). After 2 days of stimulation, cells were harvested and stained with scFv UM16 
in combination with fluorochrome-labeled CD3 or CD 19 and tricolor-labeled CD38 monoclonal 
antibodies. 

Results 

Selection of mOAbs 

A large phage display library of human scFv antibodies was used in an attempt to select 
antibodies specific for malignant plasma cells from patients with multiple myeloma (MM) . As a target 
for phage selections, we used the stroma cell-dependent plasma cell line UM-2, derived from the 
Bone marrow of a MM patient. After allowing the phages to bind to UM-2, non-bound phages were 
removed by washing, the cells stained with a PE-labeled anti-CD38 antibody, and plasma cells and 
attached phages were sorted based on high levels of CD3 8 expression (69) . Subsequently, cell-bound 
phages were eluted and propagated for the second round of selection using the same approach. 
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After the second round of selection, 5 5 individual bacterial colonies were picked and used for 
BStNl fingerprint analysis. Five different fingerprints were observed and mOAbs from clones 
representing each of these fingerprints were generated. In flowcytometric analysis, all five mOAbs 
stained the UM-2 cell line (results not shown). Double-staining of tonsil, blood, fetal and adult Bone 
marrow mononuclear cells with the 5 m<J> Abs in combination with fluor chrome-labeled CD3 8, CD 1 9, 
CD3, CD34, CD14, CD4, CD10, CD43, CD8, CD44 and CD15 antibodies showed that mOAb 
UM16 displayed a restricted distribution pattern (see next paragraph), whereas the other mOAbs 
broadly stained cells of various hematopoietic lineages. MOAb UM16 was selected for further 
analysis. 

The UM16 epitope is expressed on normal and malignant plasma cells. 

Adult bone marrow mononuclear cells of healthy individuals (n = 8) and patients with MM 
(n = 8) were stained with mOAb UM16 in combination with CD38. In Bone marrow samples of all 
healthy individuals, a small population of CD3 8+++/UM16+ cells could be detected with forward and 
side scatter properties characteristic of plasma cells (FIG. 1 A). In all patients with MM, an expanded 
population of CD38+++ plasma cells stained with mOAb UM16 (FIG. IB). Cell sorting of UM16+ 
Bone marrow cells from a healthy donor and a patient with MM yielded a 90% pure population of 
cells with a characteristic plasma cell morphology (FIG. 1C and ID) that showed bright cytoplasmic 
staining with anti-k or anti-1 monoclonal antibodies (results not shown). 

Distribution of the UM16 epitope on freshly isolated hematopoietic cells 

Mononuclear cells from fetal bone marrow, tonsil and blood were double-stained with m<D Ab 

TJM1 6 and CD3, CD19, CD3 8 and CD 15 antibodies and analyzed by flow cytometry. Representative 

staining patterns are shown in FIG. 2a and 2b. 

In fetal bone marrow, mOAb UM16 did not stain CD 15+ myeloid-lineage cells (FIG. 2a, A), 

whereas a large population of CD19+ B-lineage cells expressed the UM16 epitope (FIG. 2a, B). 

Double-staining with CD38 showed that the CD38++ but not the CD38+ cells expressed the UM16 

epitope (FIG. 2a, C). 
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In tonsil, approximately 60% of the CD 1 9+ B-lineage cells stained with m<DAb UM16 (FIG. 
2a, D). Triple staining with CD38, CD 19 and UM16 antibodies showed that all UM16+ cells 
expressed high (CD38++) or very high (CD38+++) levels of CD38 (FIG. 2a, E and 2a, F). In blood 
< 0.5 % of the mononuclear cells expressed the UM16 epitope (FIG. 2a, G). 

In tonsils, a subpopulation of CD3+ T cells was UM16+ in some tonsil samples analyzed 
(n=8; FIG. 2b, A ). Triple staining with CD38, CD3 and UM16 antibodies showed that all UM16+ 
cells represented a subset of the CD38++ T cells (FIG. 2b, B). 

Expression of the UM16 epitope during peripheral B cell maturation 

Using anti-IgD and CD38-specific monoclonal antibodies, human tonsillar B lymphocytes may 
be grouped into discrete sub-populations: IgD+/CD3 8- follicle mantleB cells, IgD-/CD3 8++ germinal 
center B cells, IgD-/CD38- memory B cells, IgD-/CD38++ plasmablasts and a small population of 
IgD+/CD38++ germinal center founder cells (70-74). To position UM16+ cells in this scheme of 
peripheral B cell maturation, triple staining of tonsillar B cells with mOAb UM1 6 and fluorochrome- 
labeled anti-IgD and CD38 monoclonal antibodies was performed. The results showed that few if 
any IgD+/CD38- follicle mantle and IgD-/CD38- memory B cells stained with mOAb UM16. In 
contrast, the IgD-/CD38++ germinal center B cells, the IgD-/CD38++ plasmablast and the 
IgD-f /CD3 8++ germinal center founder B cell populations expressed the UM 1 6 epitope (FIG. 3 A and 
3B). Further dissection of tonsillar B cell subpopulation using CD23, CD44 (75), CD77 (76), CD10 
and CMRF 1 7 (77) monoclonal antibodies in combination with m<l>Ab TJMl 6 confirmed that UM16+ 
cells do not express the naive B cell markers CD23 (not shown) and CD44 (FIG. 3C). All UM1 6+ 
tonsil B cells expressed the germinal center markers CD 10 (FIG. 3D) and CMRF 17 (not shown), 
whereas a sub-population of UM16+ cells expressed the CD77 marker expressed by germinal center 
centroblasts (FIG. 3E). 

Expression of the UM16 epitope during B cell differentiation in fetal Bone marrow. 

We noted that in human fetal bone marrow, virtually all UM16+ cells expressed the B cell 
lineage-restricted CD 1 9 antigen (FIG. 2B). In fetal Bone marrow, the earliest cells committed to the 
B-cell lineage express CD10, CD38 and intermediate levels of CD34 (12). As differentiation 
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progresses, the CD34 and CD 10 markers are lost and rearrangement and expression of 
immunoglobulin genes yields the more mature Bone marrow B-lineage cells. During these stages of 
fetal B cell differentiation, CD38 remains expressed on the cell surface (78). To position UM16+ 
cells in this scheme of early B cell differentiation, fetal Bone marrow cells were double-stained with 
m<E>Ab UM16 and CD10. Virtually all UM16+ cells expressed CD10, although a small population 
of CD10-/UM16+ cells could be discerned (FIG. 4A). In triple-staining with CD38, CD34 and 
UM16 antibodies, a small population of UM1647CD34+/CD38++ and a large population of 
UM16+/CD34-/CD38++ was visible (FIG. 4B and 4C). Furthermore, triple staining of fetal Bone 
marrow cell with CD38, IgM and m<5Ab UM16 unveiled UM16+/IgM dim /CD38++ and 
UMie+ZIgM^ populations of B-lineage cells (FIG. 4D and 4E). 

Binding of mOAb UM16 to CD38-transfected COS cells 

CD38 is a non cell lineage-restricted, multi-functional type II transmembrane glycoprotein 
broadly expressed on many cell types, including B and T lymphocytes, monocytes and NK cells 
(8,9,79). Although the UM16 epitope on human blood monocytes, T cells and NK cells was not 
detected, a partial overlap between the distribution of CD38 and the UM16 epitope was noted when 
viewed exclusively within the B cell lineage. This notion, in conjunction with the observation that, 
in the mouse, CD38 is expressed predominantly in normal and transformed B lymphocytes (80,81) 
prompted us to investigate whether the epitope detected by mOAb UM16 was encoded by the CD3 8 
gene. COS-7 cells were transfected with the full length cDNA encoding human CD38 and stained 
with scFv UM16 and a control scFv. Indeed, the CD38 transfected COS cells specifically stained 
with scFv UM16 and not with a control scFv antibody (FIG. 5). 

To exclude the possibility that the differential staining patterns of conventional CD38 
monoclonal antibodies and scFv UM16 could be attributed to differences in affinity, additional 
experiments were performed. Treatment of the erythroid leukemic cell line HL-60 with retinoic acid 
has been reported to result in the upregulation of CD38 expression (82-85). In the present 
experiments, treatment of HL-60 cells with retinoic acid resulted in up-regulation of CD3 8 expression 
and a concomitant upregulation of the UM1 6 epitope (FIG. 6). Prior to activation with retinoic acid, 
a low level of CD38 expression is detectable with the conventional anti-CD38 monoclonal antibody 
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but not with scFv UM- 1 6. After activation with retinoic acid, comparable levels of CD3 8 expression 
are detectable with both antibodies (FIG. 6). 

Further evidence of the differential expression of the UM1 6 epitope and other CD3 8 epitopes 
was obtained by screening a panel of CD38++ cell lines representing various hematopoietic lineages 
and differentiation stages" We noted that some cell lines expressed high levels of CD38, still lacked 
the UM16 epitope, in particular T lymphoid and myeloid cell lines (table 1). Representative staining 
patterns of four cell lines expressing comparable levels of CD38 yet differentially express the UM16 
epitope are shown in FIG. 7. This observation corroborated the findings obtained using freshly 
isolated B and T lineage cells. In tonsil, fetal Bone marrow and Bone marrow from MM patients, 
CD38++ B-lineage cells uniformly exposed the UM16 epitope, whereas B lineage cells in the blood 
and Bone marrow of healthy individuals with comparable levels of CD38 expression failed to stain 
with scFv UM16 (compare FIGs. 1 A; 2a, C and 2a, G). In tonsil, CD38++ T cells could be UM16+ 
orUM16- (FIG. 2b, histogram). 

Inhibition of scFv UM16 binding to CD 3 8 by anti-CD 3 8 monoclonal antibodies 

Based on epitope recognition patterns, murine anti-CD38 monoclonal antibodies may be 
divided into two broad subgroups. One subgroup is represented by OKT10 and SUN4B7 antibodies 
and recognize epitopes near the carboxyl-terminus, whereas the second subgroup detect a non- 
overlapping epitope of CD38 proximal to the transmembrane domain, as represented by the XB4 and 
IB6 antibodies. (31,32). To map the epitope detected by scFv UM16, we performed a binding 
inhibition assay using Daudi cells and OKT10, IB4 and FITC-labeled scFvUM16 antibodies. Results 
were monitored by flow cytometry. Pre-incubation of Daudi cells with monoclonal antibody OKT10 
inhibited subsequent binding of FITC-labeled scFv UM16 (FIG. 8). Note that at concentrations as 
high as 0.2mg/ml and 20mg/ml, no complete inhibition was achieved (FIG. 8A and 8B). In contrast, 
pre-incubation of Daudi cells with monoclonal antibody IB4 at concentrations up to 20 mg/ml failed 
to inhibit subsequent binding of FITC-labeled scFv UM16. In fact, in four independent experiments 
we consistently observed an increase in UM16 expression as a result of binding of IB4, perhaps 
related to a perturbation of the CD38 molecule and associated increased accessibility of the UM16 
epitope (FIG. 7D and 7E). This effect was not observed with the OKT10 antibody nor with a 
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monoclonal antibody specific for CD 19 (results not shown). Of note, the monosan anti-CD38 
antibody used in all double staining experiments with scFv UM16 did not effect the levels of CD38 
expression. 

The UM16 epitope is induced on in vitro activated T and B lymphocytes 

Activation of cells of lymphoid lineages is accompanied by increased expression of the CD38 
molecule (10, 50). These results raised the possibility that mOAb UM16 recognizes an epitope 
encoded by the CD3 8 molecule that can be induced on B lineage and T lineage cells upon activation. 

To assess whether scFv UM16 recognized an activation epitope on B and T lymphocytes, 
adult Bone marrow and blood mononuclear cells were stimulated in vitro with PHA, PMA or a 
combination of PMA and calcium ionophore. After 2 days of culture, cells were harvested, stained 
with scFv UM16 and CD3 8 antibodies in combination with CD3 or CD 1 9 antibodies and assayed by 
flow cytometry. Although we noted a clear increase in CD38 expression by mononuclear cells in 
blood and adult Bone marrow with all three stimulation regimen, expression of the UM16 epitope 
was induced on B and T lymphocytes in adult Bone marrow only (FIG. 9). 

Immunoprecipitation 

In view of the above results it is believed that the scFv UM16 detects an epitope on CD38 that is 
exposed upon activation of B and T lymphocytes. Thus the UM16 epitope should be detectable upon 
disruption of membranes of cells that are CD38+/UM16- by cell surface staining. Support for this 
hypothesis came from immunoprecipitation and western blotting analysis of a membrane lysate of the 
CD3 8+/UM16- plasma cell line U266. Lysates of U266, and the CD3 8+/UM1 6+ cell lines Daudi and 
RPMI-8226 as positive controls, were precipitated with scFvUM16 or a control anti-thyroglobulin 
scFv coupled to sepharose beads. The precipitates were run on SDS-PAGE, blotted to nitrocellulose 
and developed with the OKT10 or IB4 anti-CD38 monoclonal antibodies. The results of these 
experiment are shown in FIG. 10. No specific bands were detected after precipitation of lysates of 
all three cell lines with the negative control scFv (FIG. 10, lane 4,5,6). Precipitation of the U266, 
Daudi and RPMI-8266 lysates with scFv UM16 yielded a single band of approximately 46 kD 
molecular weight that ran at same height as control CD38 recombinant protein loaded on the same 
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gel (FIG. 9, lane 7). It is noted that, in lysate of RPMI-8226 (FIG. 10, lane 2), western blot analysis 
with IB4 yielded a second band of approximately 30 kD, not visible in western blot analysis with the 
OKT10 monoclonal antibody. 
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